Etiolated 3-day-old pea seedlings were the object of investigation. Protein kinase activity was routinely assayed at 30 "C by precipitation of szPlabelled phosphorylated protein on to paper discs in 10 trichloroacetic acid [2] . Protein phosphorylation in z+i>o was assayed by 2 h incubation of separated seeds with [SzP] 
T h e results of the study showed that 0.1 pM We have assumed that products of the lipoxygenase pathway can also activate the adenylate cyclase system. Our data showed that MeJA and H D A increased the protein kinase activity in the presence of 1 pM cAMP from 5970k 100 to 8126 5 92 and 7963 & 150 pmol/mg of protein per min, respectively. T h e reprogramming of protein phosphorylation by MeJA and H D A could point to the inclusion of these compounds in the functioning of the lipoxygenase signal system in plant cells, induced by pathogens, elicitors and abiotic stressors.
triene and 4,8,12-trimethyltrideca-l,3,7,1 l-tetraene, and methyl salicylate. Both pathways, represented by jasmonic acid and alamethicin, depend on lipid-derived signalling compounds, set off by the activation of a phospholipase A and further processing by lipoxygenase activity. T h e alamethicin-induced signal-transduction pathway interferes with the octadecanoid cascade, probably due to increased salicylic acid levels, resulting in an inhibition of the typical jasmonic acid-induced volatile profile.
In response to pathogens and herbivores the lima bean Phaseolus lunatus emits characteristic blends of volatiles. We have identified at least two different signalling pathways resulting in clearly distinguishable volatile profiles. Alamethicin, a voltage-gated ion-channel-forming peptide from Biochemical Society Transactions (2000) Volume 28, part 6
Trichoderma viride, represents a novel type of elicitor and is a potent inducer of selective volatile biosynthesis in the lima bean. Unlike elicitation with cellulysin or herbivore damage, which act through the activation of the jasmonic acid pathway and result in a complex pattern of volatile compounds, the emitted blend from the alamethicin-induced signalling pathway comprises only the homoterpens, 4,11 -dimethylnona-1,3,7-triene and 4,8,12-trimethyltrideca-l,3,7,11-tetraene, and methyl salicylic acid. Both pathways, represented by allulysin and alamethicin, depend on lipid-derived signalling compounds, set off by the activation of specific phospholipase A (PLA) and further processing by lipoxygenase activity.
Interestingly, phospholipase A, is reported to be involved in auxin as well as in elicitor response. Studies with specific inhibitors for different types of PLA revealed that two distinct centres of PLA activity, each responsible for an individual lipid signalling pathway, exist within the lima bean. One type of PLA, seems to be responsible for the alamethicin signalling (probably calciumdependent PLA,, inhibited by arachydonyltrifluoremthyl ketone), and the other type of PLA, (calcium-independent PLA,) is involved in auxin and cellulysin signalling. This was proved further by the inhibitory effect of auxin on cellulysininduced volatile biosynthesis, whereas auxin has no effect on alamethicin signalling. Furthermore, differences occur within the signalling pathways concerning phospholipase C activation and the involvement of guanylate cyclase. Assuming that both components are located at the beginning of the signal-transduction pathway, starting with the 0 2000 Biochemical Society binding of a cell-wall-derived elicitor to a receptor, one of these might be responsible for the activation of calcium-independent PLA, and, therefore, for the supply of linolenic acid for the jasmonate pathway. Phospholipase C has been described as not being involved in auxin signalling; it might be the linking element from linolenic acid to the jasmonates. Only the jasmonic acid pathway depends on these two enzymes, whereas alamethicininduced volatile biosynthesis and auxin signalling act via other, only partially identified, signalling pathways. Furthermore, the alamethicin-induced signalling pathway interferes with the octadecanoid cascade, due to the induction of salicylic acid, which is a known inhibitor of jasmonic acid biosynthesis [l] . This inhibition occurs between 12-0x0-phytodienoic acid and jasmonic acid and not on the transcriptional level [2] . In conclusion, different signalling pathways for auxin, alamethicin and cellulysin must be postulated, linked by the involvement of PLA and, thus, linolenic acid. These different pathways exhibit a high degree of interference and cross-talk, resulting in a highly regulated response of the plant to various stimuli mediated by fatty acid-derived signalling compounds.
